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PROBLEM TO BE SOLVED: To obtain a high heat 
radiation metal substrate by using a high heat radiation 
nnetal composite sheet having low coefficient of 
thermal expansion and high heat radiation 
characteristics, reduced in weight, and excellent in 
workability. 

SOLUTION: A high heat radiation metal composite 
sheet, which is prepared by subjecting a powder 
mixture, consisting of, by weight, <40% copper (Cu), 
0.5-5% silicon carbide (SIC), and the balance 
molybdenum (Mo), to compacting and to sintering and 
then rolling the resultant sintered compact and further 
has characteristics of 6.0-8.5[x l0<-6> / deg.C] 
average thermal expansion coefficient, <=10g/cm<3> 
density, and >=200W/m.K thermal conductivity, is used 
as a substrate material. Projection stepping Is applied 
to this sheet to form a protrudedly stepped substrate 1 . 
Then, a silicon chip 2 is provided onto the protrudedly 
stepped substrate 1 by means of a solder 3, by which 
the high heat radiation metal substrate can be 
obtained 
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(54) HIGH HEAT RADIATION METAL COMPOSITE SHEET AND HIGH HEAT RADIATION METAL 
SUBSTRATE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high heat radiation 
metal substrate by using a high heat radiation metal 
composite sheet having low coefficient of thermal expansion 
and high heat radiation characteristics, reduced in weight, and 
excellent in workability. 

SOLUTION: A high heat radiation metal composite sheet 
which is prepared by subjecting a powder mixture, consisting 
of, by weight, <40% copper (Cu), 0.5-5% silicon carbide (SiC), 
and the balance molybdenum (Mo), to compacting and to 
sintering and then rolling the resultant sintered compact and 
further has characteristics of 6.0-8.5[x10-6AC] average 
thermal expansion coefficient, <10g/cm3 density, and > 
200W/m.K thermal conductivity, is used as a substrate 
material. Projection stepping is applied to this sheet to form a 
protrudedly stepped substrate 1 . Then, a silicon chip 2 is 
provided onto the protrudedly stepped substrate 1 by means 
of a solder 3, by which the high heat radiation metal substrate 
can be obtained. 
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* NOTICES * 

JPO and NCIPI are not rosponBiblo for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS — 

[Claim(s)] , , . . «r • . 

[Claim 1] The high heat dissipation nature metal compound plate charactenzed by an average coetticient 

of thermal expansion being m the range of 6.0-8.5 [xlO-6/degree C] while being produced by rolling out, 

after fabricating the mixed powder which mixes and changes and sintering the copper below 40wt% (Cu), 

and the silicon carbide (SiC) and remainder molybdenum (Mo) of 0.5-5 [wt%]. 

[Claim 2] It sets to a high heat dissipation nature metal compound plate according to claim 1, and 

consistencies are 10 g/cm3. High heat dissipation nature metal compound plate characterized by thermal 

conductivity having the property of 200 or more W/m-K while being the following. 

[Claim 3] The high heat dissipation nature metal substrate characterized by preparing a silicon 

semiconductor device and changing on the substrate which performed and obtained joggling to the high 

heat dissipation nature metal compound plate according to claim 1 or 2, 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use ot tbis translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the high heat dissipation nature metal substrate with 
which the inclusion to a ceramic package etc. used a suitable high heat dissipation nature metal compound 
plate and suitable it. 
[0002] 

[Description of the Prior Art] Conventionally, as for the electrode for support and the substrate for loading 
of a semiconductor device, the calorific value at the time of use is increasing with the densification of a 
chip, improvement in the speed of data transmission, etc. Such increase-ization of calorific value is the 
cause which causes malfunction of a semiconductor device, degradation, breakage, etc. 
[0003] For this reason, as a property fiindamental to a substrate ingredient, the heat dissipation 
effectiveness is high, and to use the lightweight thing which the coefficient of thermal expansion 
moreover approximated to the semiconductor device itself and its circumference ingredient is desired as it 
can do. Moreover, to use what the coefficient of thermal expansion approximates to the substrate 
ingredient to the ingredient of the package for incorporating the substrate in the condition of havmg 
carried this besides the semiconductor device itself may be wished, or to use that fi-om which a coefficient 
of thermal expansion differs a little to the semiconductor device itself and its circumference ingredient in 
consideration of matching after assembly may be wished. Furthermore, the substrate ingredient is required 
to be easy to perform ** attachment and plating etc. as a preparation process for building a substrate into a 
package. In addition, it is required for the substrate that such joggling processing should also be easy not 
only for a plate but the thing of types with a stage, such as a concave and a convex type, into a substrate 
ingredient for a certain reason. 

[0004] As a substrate ingredient (plate) of high heat dissipation nature which may fill such a demand, in 
recent years, Cu-Mo system composite material (TT-RCM) is developed, and it is already put in practical 
use. 
[0005] 

[Problem(s) to be Solved by the Invention] In the case of the Cu-Mo system composite material (TT- 
RCM) mentioned above, there is a problem that heat dissipation nature is high and moreover cannot fully 
fill with the demand to the latest substrate ingredient for semiconductor devices, i.e., a low-fever 
expansion coefficient, demand of being lightweight. 

[0006] Cu-Mo some which were produced with powder aUigation differing, speaking concretely, as 

shown in the following table 1 ~ in the Cu-Mo system composite-material (TT-RCM) property of a 

mixing ratio, if coefficient of thermal expansion is low, it turns out that a demand into the latest substrate 

ingredient mentioned above also about which thing - heat dissipation nature is inferior - must have been 

filled; 

[0007] 

[Table 1] 
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:le large, although 



the copper 



(Cu) content of thermal conductivity is high about the thing beyond 40wt%. for this reason, such Cu-Mo - 
- when the thmg of a mixing ratio is used as a substrate ingredient for ceramic package inclusion, there is 
risk of a crack etc« occurring for mismatching with a ceramic package. 

[0009] On the other hand, although there is an advantage that matching nature with a ceramic package 
becomes good if a copper (Cu) content uses as a substrate ingredient for ceramic package inclusion 
according to a coefficient of thermal expansion being small about the thing below 40wt%, there is a 
danger of being hard coming to miss the heat generated with a chip, and on the other hand causing 
malfunction etc, by the heat conductivity being small, and dependability will be spoiled. 
[0010] That is, in the case of the conventional Cu-Mo system composite material (TT-RCM), also when 
the demand to the latest substrate ingredient for semiconductor devices must have been filled and it uses 
as a substrate ingredient for the inclusion to a ceramic package, there is a problem of machinability being 
bad and being hard to apply it. 

[001 1] By the way, although the copper-tungsten (CMSH) is known for less than [ 8.5xl0-6/degree C ] 
for thermal conductivity as a substrate ingredient of 200 or more W/m-K, substrate ingredients other than 
Cu-Mo system composite material (TT-RCM), i.e., a coefficient of thermal expansion According to this 
copper-tungsten (CMSH) having a consistency as large as 15.6-17 [g/cm3], and machinability when 
difficulty is in the embodiment of lightweight-izing being bad etc. As latest substrate ingredient for 
semiconductor devices, it is not suitable for practical use like the case of the Cu-Mo system composite 
material (TT-RCM) mentioned above. 

[0012] Made that this invention should solve such a trouble, the technical technical problem has high heat 
dissipation nature, moreover is lightweight at a low-fever expansion coefficient, and is to offer the high 
heat dissipation nature metal substrate which used the high heat dissipation nature metal compound plate 
and it which were excellent in machinability. 
[0013] 

[Means for Solving the Problem] After fabricating the mixed powder which mixes and changes and 
sintering the copper below 40wt% (Cu), and the silicon carbide (SiC) and remainder molybdenum (Mo) 
of 0.5-5 [wt%], while being produced by roUmg out according to this invention, the high heat dissipation 
nature metal compound plate which has an average coefficient of thermal expansion in the range of 6.0- 
8.5 [xlO-6/degree C] is obtained. 

[0014] Moreover, according to this invention, it sets to the above-mentioned quantity heat dissipation 
nature metal compound plate, and consistencies are 10 g/cm3. While being the following, the high heat 
dissipation nature metal compound plate in which thermal conductivity has the property of 200 or more 
W/m-K is obtained. 

[0015] furthermore - according to this invention - the above - the high heat dissipation nature metal 
substrate which prepares a silicon semiconductor device and changes on the substrate which performed 
and obtained joggling to which high heat dissipation nature metal compoimd plate is obtained. 
[0016] 

[Embodiment of the Invention] An example is given to below and the high heat dissipation nature metal 
substrate which used the high heat dissipation nature metal compound plate of this invention and it is 
explained to a detail with reference to a drawing. 

[0017] First, the outline of the high heat dissipation nature metal compound plate of this invention is 
explained briefly. After this high heat dissipation nature metal compound plate fabricates the mixed 
powder which mixes and changes and sinters the copper below 40wt% (Cu), and the silicon carbide (SiC) 
and remainder molybdenum (Mo) of 0.5-5 [wt%], it is produced by rolling out. For many properties of 
this high heat dissipation nature metal compound plate, an average coefficient of thermal expansion is in 
the range of 6,0-8.5 [xlO-6/degree C], and consistencies are 10 g/cm3. While being the foUowmg, thermal 
conductivity is 200 or more W/m-K. 

[0018] If jogghng is performed to such a high heat dissipation nature metal compound plate by joggling 
processing, a substrate is accomplished and a silicon semiconductor device is prepared on the substrate, 
the inclusion to a ceramic package is constituted as a suitable high heat dissipation nature metal substrate. 
[0019] Then, about the high heat dissipation nature metal compound plate fi-om which an ingredient 
presentation ratio (presentation content) differs based on some examples, the following doubles the 
manufacture approach and explains it concretely. 

[0020] In the <example 1> example 1, first, as raw material powder, molybdenum (Mo) powder, 
electrolytic copper (Cu) powder, and silicon carbide (SiC) powder were mixed at a rate of 70:30:3.1, and 
after carrying out press forming, it sintered in the hydrogen ambient atmosphere. Next, after carrying out 
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heating maintenance's sintered compact for 15 minutes at 900 C in a hydrogen ambient 

atmosphere, and carryingout hot rolling processing, the plate with a thickness of 1.0mm was made by 
performing cold rolling processing. rur • f-^u i 

r002 11 then, the place which investigated many properties of this plate - a coefficient ot thermal 
expansion (alpha) - 7.5xl0-6/degree C and thermal conductivity (kappa) - 220 W/m-K and a consistency 

(rho) - 9.7 g/cm3 it was . , ^ . * u 

[0022] Moreover, after forming nickel (nickel) plating so that thickness may be set to 3 micrometers by 
electrolysis at this plate, when it heat-treated under the conditions for 850 degree-Cx 20 minutes and 
membrane formation workability was investigated in the hydrogen ambient atmosphere, it blisters about 
plating, there is no deterioration of discoloration, a stain, etc., and the defect was not accepted. 
[0023] the place which investigated many properties about the plate which incidentally produced 
(Molybdenum Mo) powder:electrolytic copper (Cu) powder in the procedure same as 70:30, without 
including silicon carbide (SiC) as a comparison - a coefficient of thermal expansion (alpha) - 7.7x10- 
6/degree C and thermal conductivity (kappa) - 190 W/m-K and a consistency (rho) - 9.7 g/cm3 it was . 
[0024] In the <example 2> example 2, as raw material powder, molybdenum (Mo) powder, electrolytic 
copper (Cu) powder, and silicon carbide (SiC) powder were mixed at a rate of 70:30:4.2, and the plate 
with a thickness of 1.0mm was produced through the same procedure as an example 1 after this. 
[0025] then the place which investigated many properties of this plate ~ a coefficient of thermal 
expansion (alpha) - 7.3xl0-6/degree C and thermal conductivity (kappa) - 230 W/m-K and a consistency 
(rho) ~ 9.7 g/cm3 it was . i i u 

[0026] Moreover, after performing and heat-treating nickel plating like the case of an example 1 here, 
when **** (BAg-8) attachment was fiirther performed to the silicon wafer, nickel plating and the 
adhesion workability of **** were good, and defects, such as a crack and exfoliation, were not accepted. 
[0027] When the process to ** attachment was similarly performed about the plate which incidentally 
produced (Molybdenum Mo) powderelectrolytic copper (Cu) powder as 70:30, without including silicon 
carbide (SiC) as a comparison also here, the crack was accepted in the ** attachment section and it turned 
out that adhesion workability deteriorates. 

[0028] In the <example 3> example 3, as raw material powder, molybdenum (Mo) powder, electrolytic 
copper (Cu) powder, and silicon carbide (SiC) powder were mixed at a rate of 80:20:4,2, and the plate 
with a thickness of 1mm was produced through the same procedure as an example 1 . 
[0029] then, the place which investigated many properties of this plate ~ a coefficient of thermal 
expansion (alpha) - 6.7xl0-6/degree C and thermal conductivity (kappa) -- 210 W/m-K and a consistency 
(rho) ~ 9.8 g/cm3 it was . 

[0030] Moreover, it was good, when nickel plating and **** attachment were given like the case of an 
example 2 also here and adhesion workability was investigated. 

[0031] the place which investigated many properties about the plate which incidentally produced 
(Molybdenum Mo) powder: electrolytic copper (Cu) powder in the procedure same as 80:20, without 
including silicon carbide (SiC) as a comparison also here ~ a coefficient of thermal expansion (alpha) - 
6.9x1 0-6/degree C and thermal conductivity (kappa) - 175 W/m-K and a consistency (rho) ~ 9.9 g/cm3 it 
was . 

[0032] In the <example 4> example 4, as raw material powder, molybdenum (Mo) powder, electrolytic 
copper (Cu) powder, and silicon carbide (SiC) powder were mixed at a rate of 90: 10:5.3, and the plate 
with a thickness of 1mm was produced through the same procedure as an example 1. 
[0033] Then, when many properties of this plate were investigated, the coefficient of thermal expansion 
(alpha) was [ 202 W/m-K and the consistency (rho) of 6.0x1 0-6/degree C and thermal conductivity 
(kappa)] 10.0 g/cm3. 

[0034] the place which investigated many properties about the plate which incidentally produced 
(Molybdenum Mo) powder:electrolytic copper (Cu) powder in the procedure same as 90: 10, without 
including silicon carbide (SiC) as a comparison also here ~ a coefficient of thermal expansion (alpha) - 
6.2x1 0-6/degree C and thermal conductivity (kappa) - 163 W/m-K and a consistency (rho) - 10.0 g/cm3 
it was . 

[0035] In addition, the particle size is 1-3 [mum] about the SiC powder used in each above example (1-4), 
and, for a consistency (rho), 2.5 g/cm3 and a coefficient of thermal expansion (alpha) are [ 3.1x10- 
6/degree C and the thermal conductivity (kappa) of many properties ] 280 W/m-K. 

[0036] After regulating the content of Cu less than [ 40wt% ] from each example (1-4) on the occasion of 
production of the Cu-Mo system composite material (TT-RCM) by known powder alligation, If the SiC 
powder of 0.5-5 [wt%] is added and a high heat dissipation nature metal compound plate is obtained, 
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when lightweight-izi A low-fever expansion-ization will be embJj^d high heat dissipation 
nature will improve, itTmis out that machinability also becomes good • „ , a ft^r 

m0371 Bv the way to each plate obtained in each above example (1-4), as shown m drawmgj. After 

^.^^ After forming a silicon chip 2 with solder 3 on each of these substrates 1 with , 

^oectivelv 'and obtaining four sorts of high heat dissipation nature metal substrates, Where each of tiiese 
iSKts'pattn n'JSe metal substrates are buih into a ceramic package when the heat cycle e^ was 
Srmed, th^e is no generating of a crack etc. also about which case, and the exfoliation a J^^^^i^^ 
Serface was not accepted, either. Moreover, the heat dissipation nature m an actual assembly condition 
was also understood that it is improving sharply compared with the conventional thing. 

[S of the Invention] After regulating the content of Cu less than [ 40wt% ] on the occasion of 
production of the Cu-Mo system composite material (TT-RCM) by known powder alligation accordmg to 
£ivSon as stated above, by addmg the SiC powder of 0.5-5 [wto/„], heat dissipation nature is high 
moreover it is lightweight at a low-fever expansion coefficient, and the high heat dissipation nature metal 
compound plate which was excellent in machinability comes to be obtained. Moreover, if joggling is 
performed using this high heat dissipation nature metal compound plate as a substrate mgredient, a 
substrate is produced and a silicon semiconductor device is prepared on that substrate, a high heat 
dissipation nature metal substrate suitable [ especially the inclusion to a ceramic package ] and effective 
will come to be obtained. 
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[0027] When the process to ** attachment was similarly performed about the plate which incidentally 
produced (Molybdenum Mo) powder: electrolytic copper (Cu) powder as 70:30, without including silicon 
carbide (SiC) as a comparison also here, the crack was accepted in the ** attachment section and it turned 
out that adhesion workability is inferior. 
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